Abstract: A remaining uncertainty in the U.S. cohort study of man-made vitreous fiber (MMVF) workers is whether asbestos exposure contributed to 10 questionable cases of mesothelioma. We report further details on one case from our previous mesothelioma investigation, including results of a recent lung tissue analysis. Case is a 68 year-old white male employed 1951-54 in a rock/slag wool plant where asbestos-containing products were manufactured. Cause of death was recorded as "mesothelioma, malignant, right pleural cavity" (ICD9: 163.9). Analysis for presence of asbestos bodies identified 18,300 asbestos bodies per gram of wet lung tissue (AB/gm), which greatly exceeds the normal range of 0-20 AB/gm. No MMVFs were identified in this sample. We conclude that this patient's tumor was not a mesothelioma, but a carcinoma possibly arising in the lung or mediastinum, and that this case supports the view that the few suspected mesotheliomas found in the U.S. cohort may have been caused by asbestos exposure.
A remaining uncertainty in the latest findings of the U.S. cohort study of man-made vitreous fiber (MMVF) workers is the extent to which asbestos exposure played a role in 10 questionable cases of mesothelioma [1] [2] [3] . Using data from the exposure assessment component of the U.S. cohort study 4, 5) and information from a structured telephone survey of proxy respondents, we determined that eight of the 10 decedents had potential occupational exposure to asbestos inside or outside the MMVF industry 3) . One subject (Case 2 in reference 3) had lung tissue available for further analysis to detect the presence of asbestos bodies. We report here further details of this case including results of a recent lung tissue analysis.
Case 2 was a white male who died in 1982 at age 68. Underlying cause of death was coded according to ICD 9 as 163.9, "malignant neoplasm of pleura; pleura, unspecified". Case 2 is the "probable mesothelioma" reported in a 1982 update of the U.S. cohort study 6) and in an analysis of lung tissue samples from subjects in the US cohort study 7) . Case 2 was diagnosed with pleural effusion approximately four years before his death and a pleural biopsy was interpreted as equivocal for mesothelioma. A chest x-ray one year before death showed definite progression of pleural thickening, mass effect on the right side. CT of the chest confirmed these findings. Thoracotomy was performed, with removal of pleural and pulmonary disease, however, the total disease in the right side of the chest could not be removed. Multiple nodules were present on the pleura and the diaphragm of the right side. Partial pleurectomy was performed. One of the multiple nodules excised from the lung came back positive on frozen section for undifferentiated carcinoma. Nodules were removed from the lower lobe of the right lung as well. One nodule was removed from the cardiac fat pad and two nodules were removed from the SMOKING, ASBESTOS AND MAN-MADE VITREOUS FIBERS diaphragm. Final pathological report was malignant mesothelioma, mixed fibrous and epithelial type. Rib submitted was without diagnostic abnormality.
Details are provided in Ref. 3 . This review led to the revised diagnosis, "definitely not mesothelioma, but rather carcinoma, possibly arising in the lung or mediastinum" 3) . Case 2 had adequate lung tissue available to analyze for the presence of mineral fibers. Lung tissue was recovered from a block, deparaffinized in xylene, and rehydrated to 95% ethanol, yielding a wet weight of 0.147 gram. This tissue was then processed for digestion using the sodium hypochlorite technique 8) . The residue was collected on a 0.4 µm poresize Nuclepore filter, which was then cut in half.
One half was mounted on a glass slide for asbestos body quantification by light microscopy. The other was mounted on a carbon disc with colloidal graphite, sputter coated with gold, and examined by scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDXA).
By light microscopy, there were 18,300 asbestos bodies per gram of wet lung tissue (corrected for paraffin block) 8) . This greatly exceeds the normal range of 0-20 AB/gm, and is well within the range of values we have observed for patients with malignant mesothelioma and a history of asbestos exposure 8) . By SEM, there were 31,300 AB/gm and an additional 41,000 uncoated fibers per gram (1000x magnification) (see Fig. 1) 1 . Twenty consecutive uncoated fibers were examined by EDXA, 10 of which consisted of Si-Fe-Mg in a proportion indicative of amosite asbestos, five of which consisted of Si-Mg-Fe in a proportion indicative of anthophyllite, one of which consisted of Si-Fe-Na-Mg in a proportion indicative of crocidolite, and one of which consisted of Si-Mg-Ca in a proportion indicative of tremolite. The remaining three fibers were not asbestos, and included two talc and one silica. In addition, ten asbestos body cores were examined by EDXA. Seven were amosite and three crocidolite. No MMVF were identified in this sample.
A proxy respondent (son) reported that Case 2 smoked about 20 cigarettes per day and quit at age 60. The son also reported that Case 2 had a brother who worked in shipyards and died of asbestosis, with his wife dying of it as well. The brother was also reported as having three of five daughters with lung disease. Medical records indicated his brother had lung cancer.
Medical records indicated Case 2 was a retired meat packer with a significant asbestos history in 1950, secondary to metalworking (making blast furnaces). Work history data from the U.S. cohort study showed Case 2 worked from 1951 to 1954 in Plant 17, a rock/slag wool plant in Joplin, MO, U.S. known to have manufactured asbestos-containing products. MMVF and other exposure estimates were unavailable for Plant 17 1) . Our pathology specimen review permitted us to conclude reasonably that Case 2's tumor was not a mesothelioma, the key finding of this investigation. However, because this case is very old and the available specimen stains were limited we were unable to conclude confidently that the lung or mediastinum was the site of origin of the carcinoma. We view this as a minor limitation, as the site of origin is immaterial to the key finding of this investigation.
The presence of many types of asbestos fibers in Case 2's lung tissue sample is consistent with his known and reported occupational histories that included potential for asbestos exposure, a known risk factor for lung cancer and mesothelioma. Case 2 was also reported to be a heavy, longterm cigarette smoker -a known risk factor that acts synergistically with asbestos exposure to increase the risk of lung cancer 9) . Case 2 was also 37 years old when hired at Plant 17, providing ample opportunity for previous workplace exposures in other occupational settings.
The findings of the 1989 and 1992 updates of the U.S.
rock/slag wool (RSW) and fiber glass (FG) worker cohorts, respectively, revealed no consistent evidence of an exposureresponse relationship between respiratory system cancer at the levels of RSW or FG exposure encountered at the study plants 2, 3, [10] [11] [12] . Based in part on these findings, the International Agency for Research on Cancer (IARC) recently reclassified glass wool, continuous glass filament, rock (stone) and slag wool as "not classifiable as to carcinogenicity in humans (Group 3)" 13) . These findings coupled with the finding of no MMVFs in the lung tissue sample suggest that Case 2's MMVF exposure at Plant 17 or elsewhere did not play a role in this case of carcinoma. However, because the absence of MMVF in lung tissue 30 years after cessation of exposure could be the result of the low biopersistence of RSW fibers in the lung 14, 15) , we cannot determine how much MMVF may have been present previously.
We conclude that this patient's tumor was not a mesothelioma, but a carcinoma arising in the lung or mediastinum, and that this case supports the view that the few suspected mesotheliomas found in the U.S. MMVF cohort may have been caused by asbestos exposure.
